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1

BATTERY REPLACEMENT ROBOT WITH
MOBILE STORAGE RACK AND BATTERY
REPLACEMENT METHOD

This application 1s a National Stage application of PCT >
international application PCT/CN2013/076054, filed on
May 22, 2013 which claims priority to Chinese patent
application No. 201210223420.7 titled “BAITTERY
REPLACEMENT ROBOT WITH MOBILE STORAGE
RACK AND BATTERY REPLACEMENT METHOD?,
filed with the Chinese State Intellectual Property Office on
Jun. 29, 2012, both of which are incorporated herein by
reference in their entireties.

10

TECHNICAL FIELD b

The present application relates to a robot for replacing a
battery box, and particularly to a battery replacement robot
with a mobile storage rack and a battery replacement ,,
method.

BACKGROUND

As a technology for charging and replacing a battery of an >4
clectric vehicle 1s 1mproved and the electric vehicle 1s
popularized, the electric vehicle will gradually become a
focus of Chinese automobile industry and energy develop-
ment. Presently, an energy supply for the electric vehicle
mainly includes: charging the battery and replacing the 30
battery. The method for charging the battery has a disad-
vantage of a long waiting time. In terms of current devel-
opment situation, in order to solve a problem of an endur-
ance mileage of the electrical vehicle, the method {for
replacing the battery of the electrical vehicle 1s more fea- 35
sible.

When a battery replacement for an electrical bus 1s
performed, due to a limitation of a capacity of a single
battery box, a combination of multiple battery boxes are
generally used to supply electric power. However, the bat- 40
tery boxes are heavy and have a great quantity, and thus the
replacement of the battery boxes 1s dithcult. Theretore, the
battery box replacement has become a technical problem of
industrialization development of the electrical bus. In order
to solve this technical problem, a system for fast replacing 45
a battery box 1s required, which can replace all of battery
cells 1n 7 to 8 minutes.

At present, domestic enterprises have researched on a
system for replacing a battery box of an electrical bus to a
certain extent. 50

Chinese Patent CN 101284524 A provides a solution,
which solves a problem of a battery box replacement by
rotating the battery box by 180° through a battery replace-
ment mechanism. However, this manner has disadvantages
of long travel, large operating space, long operating time. 55

Some  devices described 1n Chinese  Patent
200820078476.7, titled “‘positioning device for battery
replacement system of on-board battery”; and Chinese Pat-
ent 200410090796.0, titled “‘electrical bus system™ have
many problems in an implementation. For example, some 60
design solution 1s just 1 a stage of theory, the process of
positioning may be performed for many times 1n the battery
box replacement, and the battery box replacement spends a
long time. The battery replacement device has a poor
expandability, 1.¢., battery boxes 1n different vehicles cannot 65
be replaced by the same battery replacement device. In
addition, a high of the related battery replacement device 1s
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limited, which cannot satisty the requirement of a large-
scale concentration type battery replacement station.

Chinese Patent CN 101890942 A provides a device, which
occupies a large area, and needs to cooperate with multiple
robots or mechanisms to achieve the battery replacement.

Some progresses ol the battery replacement device are
provided 1n the existing technologies, but there are still some
problems.

(1) Complex control, high failure rate and expensive
maintenance cost.

In the existing technologies, the battery box is replaced
through various robots and various structures, by performing
the cooperation, the positioning and the repetition many
times. In this way, this necessarily results 1n that the entire
battery replacement system has a large coverage area, a high
requirement for a positioning accuracy, a long operation
time for the replacement, and a high complexity. The process
of battery replacement may be implemented by complexly
cooperating with various mechanisms, and thus the failure
rate and the maintenance cost are correspondingly increased,
which 1s adverse to promoting the electric vehicle.

(2) Long operation time for battery replacement, low
battery replacement efliciency

The battery replacement robot can deliver and replace
only one battery box at once, and the battery box to be
replaced cannot be placed adjacent the battery replacement
robot. In practice, the battery replacement robot has to move
reciprocally between the battery box storage rack and the
clectric vehicle in which the battery replacement 1s to be
replaced. With an extension of the travel of the robot, the
operation time of the battery replacement 1s prolonged,
thereby significantly reducing the battery replacement efli-
ciency, and impeding the promotion of the electrical vehicle.

(3) In a solution 1 which multiple battery boxes are
delivered at once, the battery replacement robot has a large
weight and volume. The problems of how to control the
battery replacement robot with a large 1nertia accurately and
how to improve the reliability and etliciency of the battery
replacement robot with a large weight cannot be solved by
the existing technologies.

SUMMARY

The object of the disclosure 1s to solve the above prob-
lems. In view of this, a battery replacement robot with a
mobile storage rack and a battery replacement method are
provided. According to the disclosure, a battery replacement
task achieved by cooperating with various battery replace-
ment robots 1s integrated in one robot. A battery box storage
rack 1s installed on a body of the battery replacement robot,
and the batteries to be replaced are all placed on the battery
storage rack, so as to eflectively shorten the travel of the
robot 1n the battery replacement. In this way, the structure 1s
simplified, a coordination time of various battery replace-
ment robots and the operation time are shorten, the opera-
tions of the original various robots with various structures,
which 1s implemented by performing the cooperation, the
positioning and the repetition many times, are replaced in
one step. The problem of controlling a robot with the large
inertia accurately 1s solved by a speed planning. During the
battery replacement, a multi-axis linkage can achieved in the
battery replacement robot, thus further improving the reli-
ability and the efliciency of the battery replacement device.

In order to achieve the above object, the disclosure
discloses the following technical solution.
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A battery replacement robot with a mobile storage rack 1s
provided, which includes a mechanical part and an electric
control part, where

the mechanical part includes a horizontal mobile unit
which 1s movable 1n X, Y and Z coordinate axis directions
in a rectangular coordinate system, a bearing unit and a
carrier unit; a middle portion of the carrier unit 1s hollow,
and a battery box replacement device 1s 1nstalled 1n a middle
of the hollow portion of the carrier unit; and a console 1s
arranged on the horizontal mobile unit;

a battery box storage rack 1s provided on at least one side
of the horizontal mobile unit, the electric control part
controls the battery box replacement device to take tull-
charged battery boxes at once, place the battery boxes on the
battery box storage rack and move the battery boxes to a
standby position of a battery replacement; remove a dis-
charged battery box from a vehicle, place the discharged
battery box on the battery box storage rack, take one
tull-charged battery box from the battery box storage rack,
install the full-charged battery box 1n a corresponding posi-
tion; and repeat the above steps to replace all battery boxes.

At least one set of wheels 1s provided each of two sides
of the horizontal mobile unit, and the wheels are installed at
two sides of a lower beam to cooperate with ground rails; the
ground rails are uniformly distributed in several rows, and a
limit block 1s disposed at an end of the ground rail; the
wheels are connected to a motor reducer, and the motor
reducer 1s arranged on the lower beam and connected to a
servo motor moving 1n a horizontal direction; and the servo
motor moving in the horizontal direction 1s connected to the
clectric control part.

The bearing unit includes a gantry structure including an
upper beam and two stand columns, two sets of transverse
guide wheels are provided on the upper beam, and a top rail
1s sandwiched between the two sets of transverse guide
wheels and i1s installed on a rechargeable battery rack; a
sliding-contact line slot 1s installed on the top rail and
adapted to supple power to a device, and a horizontal
addressing chip 1s installed on the top rail and adapted to
address an operating position 1n the horizontal direction; a
lifting device 1s a set of winches arranged on the two stand
columns and driven by a servo motor, a wire rope 1s wound
around the winch, and a support 1s provided on the carrier
unit and connected to a lower end of the wire rope; and a
longitudinal addressing chip i1s provided on at least one of
the stand columns and adapted to perform an identification
in a longitudinal direction to perform an addressing verti-
cally.

The carrner unit includes an objective table, a middle
portion of the objective table 1s hollow, and the battery box
replacement device 1s installed at the hollow middle portion
of the objective table; and a support 1s provided at each of
two sides of the objective table, a plurality sets of longitu-
dinal guide wheels are arranged inside the support, and a
plurality of limit wheels are arranged outside the support and
adapted to cooperate with the bearing unat.

The battery box replacement device includes a horizontal
rotary table, the horizontal rotary table 1s a round plate,
connected to a servo driving motor for horizontal rotary via
a gear reduction mechanism; a working surface 1s provided
on the round plate, a battery box pushing mechanism 1is
arranged on the working surface, a supporting beam 1is
arranged on the battery box pushing mechanism, and the
supporting beam 1s connected with a battery box tray; the
battery box pushing mechanism includes at least two guide
rails provided 1n parallel, a battery box pushing mechanism
driving motor, a battery box driving mechanism and an
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clectromagnetic pusher, and the battery box driving mecha-
nism 1s a pinion-and-rack mechanism; the battery box push-
ing mechanism driving motor and the electromagnetic
pusher are connected to the respective pinion-and-rack
mechanisms; two round electromagnetic chucks are
installed on a pusher working surface of the electromagnetic
pusher and distributed at two ends of the working surface,
and the two round electromagnetic chucks are located to
corresponding positions of two round 1ron blocks of the
battery box; an unlocking mechanism is provided on the
pusher working surface of the electromagnetic pusher and
adapted to cooperate with a locking device of a battery inner
box; the guide rails are arranged on a top surface of the
battery box pushing mechanism; the guide rails match with
the battery box; the battery box 1s a case, 1n which batteries
are arranged 1n groups; at least one ultrasonic distance
measuring sensor 1s provided at each of two ends of the
supporting beam; and the servo driving motor for horizontal
rotary, the battery box pushing mechanism driving motor,
the electromagnetic chucks and the sensors are all connected
to the electric part.

The gear reduction mechanism includes a big gear and a
pinion engaged with each other, and a reducer, the big gear
1s connected to the round plate, the pinion 1s connected to an
output shait of the reducer, the reducer 1s connected to the
servo motor for horizontal rotary, and the servo motor for
horizontal rotary 1s connected to the electric part.

The unlocking mechanism has a shifting fork structure
driven by an unlocking motor; two ends of the working
surface of the electromagnetic pusher are provided with the
unlocking mechanisms which cooperate with each other to
unlock the locking device inside the battery inner box on the
rechargeable battery rack or the vehicle in which battery 1s
to be replaced.

The electric control part includes a master computer
system, a PLC logic controller, a limit switch, an emergency
stop switch, a servo motor, a servo driver, a motor encoder,
an ultrasonic sensor, a color mark sensor, a photoelectric
sensor, a DMP position sensor, a wireless communication
module I, and a wireless communication module II. The
master computer system includes an industrial personal
computer and a touch screen, and the industrial personal
computer 1s connected to the wireless communication mod-
ule I through a serial port;

the PLC logic controller 1s electrically connected to the
servo driver, the emergency stop switch, the ultrasonic
sensor, the color mark sensor, the photoelectric sensor and
the DMP position sensor; and communicates with the master
computer system through the serial port, to perform a logic
control on a movement of the robot.

The ultrasonic sensor 1s electrically connected to the PLC
logic controller, and adapted to detect a distance between the
clectromagnetic pusher and the battery box;

the color mark sensor 1s electrically connected to the PLC
logic controller, and adapted to detect a locking state of a
battery;

the DMP position sensor 1s electrically connected to the
PLC logic controller; and adapted to detect a deviation
between the electromagnetic pusher and a reflector at the
rechargeable battery box rack, and a deviation between the
clectromagnetic pusher and a reflector at a battery box
compartment of a vehicle body, and feed back deviation data
to the PLC, to control the electromagnetic pusher to adjust
posture and accurately grip and install the battery box.

The photoelectric sensor 1s electrically connected to the
PLC logic controller; and adapted to position the movements
of the robot 1n the X axis direction and the Y axis direction
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and control accelerations or decelerations of the movements
in the X axis direction and the Y axis direction in conjunc-
tion with the addressing chips, to accurately control the
robot with the large inertia in a high speed.

The emergency stop switch 1s electrically connected to the
PLC logic controller, and adapted to urgently stop the robot
In an emergency case.

A power driving mechanism includes five servo drivers,
the servo drivers are connected to the servo motors for the
horizontal mobile unit, the carrier umit, the bearing unit and
the horizontal rotary unit, respectively; an encoder is pro-
vided at a shaft of each servo motor, a signal output end of
the encoder 1s connected to the PLC logic controller; and a
limit switch 1s provided at each of working zero positions of
the horizontal mobile unmit, the carrier unit and the bearing
unit; and the limit switches are connected to the PLC logic
controller:

the wireless communication module 1 and the wireless
communication module II are respectively located on the
industrial personal computer of the master computer system,
and a wireless rocker, to wirelessly transmit data between
the wireless communication module 1 and the wireless
communication module II.

A battery replacement method using the battery replace-
ment robot with the mobile storage rack 1s provided, which
includes:

1) mitialization, icludes: after a system 1s powered on,
1ssuing a reset instruction by a master computer system, a
console or a wireless remote control device; and triggering
limit switches on shafts of the battery replacement robot
with the mobile storage rack to perform a homing and return
components of the battery replacement robot to initial posi-
tions;

taking a battery box from a rechargeable battery rack unit,
includes: moving the battery replacement robot along an X
axis direction and a Y axis direction to a position of received
coordinates of a full-charged battery box under a control of
a PLC logic controller, according to the received coordi-
nates; rotating a horizontal rotary table by +180° or —180°;
adjusting a posture of a battery box tray according to signals
from a DMP position sensor and an ultrasonic sensor; taking
the full-charged battery from the rechargeable battery rack
by an electromagnetic chuck of an electromagnetic pusher in
a carrier unit; rotating the horizontal rotary table by +90° or
—-90°; controlling the battery replacement robot by the PLC
logic controller according to a stored coordinate point and a
photoelectrical sensor; adjusting the posture of the battery
box tray according to the signals from the DMP position
sensor and the ultrasonic sensor, to accurately place the
battery box on a battery box storage rack; repeating the
above steps to take all of the battery boxes required by one
side of a vehicle; moving the battery replacement robot
along the X axis direction after the battery storage rack is
filled with the required battery boxes; and simultaneously
rotating a horizontal rotary device along the Y axis direction
automatically to switch the battery replacement robot to an
initial state of a battery replacement;

2) unloading a battery box of a vehicle, in which the
battery 1s to be replaced, includes: after the vehicle 1s
stopped 1n a certain standby position of a battery replace-
ment, moving the battery replacement robot horizontally to
a certain operation point by the master computer system, the
robot console or the wireless remote control device, accord-
ing to information of the stored coordinate point; adjusting
the posture of the battery box tray according to the signals
from the DMP position sensor and the ultrasonic sensor, to
accurately extend the battery box tray to a position tlushing
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with a battery compartment of a vehicle body; transmitting
a signal of a rotating angle of the horizontal rotary table to
the PLC logic controller to store the signal; determiming
whether the discharged battery box 1s unlocked, according to
a feedback signal from a color mark sensor; removing the
battery from the battery compartment of the vehicle body by
the electromagnetlc chucks of the electromagnetic pusher 1n
the carrier unit, 1n the case that the discharged battery box 1s
unlocked; rotating the horizontal rotary table by +90° or
-90°; transmitting the signal of position of the horizontal
rotary table to the PLC logic controller to store the signal;
controlling the battery replacement robot by the PLC logic
controller according to the stored coordinate point and the
photoelectrical sensor, adjusting the posture of the battery
tray according to the signals from the DMP position sensor
and the ultrasonic sensor, to accurately place the battery box
in the battery box storage rack;

3) mstalling battery, includes: controlling the movement
of the battery replacement robot by the PLC logic controller
to rotate the battery replacement robot to a position corre-
sponding to the battery compartment of the vehicle body;
adjusting the posture of the battery box tray according to the
stored position of the horizontal rotary table; mstalling the
battery box 1n the battery compartment; determining
whether the battery box 1s locked according to a detected
signal from the color mark sensor; powering down the
clectromagnetic chuck under the control of the PLC logic
controller; detaching the electromagnetic chuck from the
battery; and retracting the electromagnetic pusher along the
objective table and fixing the electromagnetic pusher, to
replace one battery box; repeating the above steps until all
of the discharged battery boxes are replaced; and then
returning the battery replacement robot with mobile storage
rack to standby at an 1nitial position.

The disclosure has the following beneficial effects.

1. In the process of the battery replacement, work tasks,
which are performed by cooperating various robots and
various structures, can be integrated into one robot. The
robot 1s provided with a battery box storage rack on at least
one side thereof, which can take all of the battery boxes
which are required on one side of the electrical bus at once.
In this way, 1t 1s avoided to repeat the operation of the battery
replacement robot 1n a large space and at a long distance, and
the operation time of the battery replacement 1s shortened.

2. Short operation time of the battery replacement and
high efficiency of the battery replacement. In the process of
the battery replacement, a multi-axis linkage can be
achieved 1n the battery replacement robot, the horizontal
mobile umt and the horizontal rotary device moves simul-
taneously, thus shortemng the operatlon time of the battery
replacement and improving the efliciency of battery replace-
ment.

3. The problem of accurate control for the device with a
large 1nertia 1s solved by speed planning.

The photoelectric sensor of the battery replacement robot
1s electrically connected to the PLC logic controller, 1n
conjunction with the addressing chip, to position the move-
ment of the robot 1n the X axis direction and 1n the Y axis
direction, and control accelerations and decelerations of the
movement in the X axis direction and in the Y axis direction,
thus accurately controlling the robot with the large inertia in
the high speed.

With the battery replacement robot with the mobile stor-
age rack according to the disclosure, the operation time of
the battery replacement 1s shorten, the mechamism 1s sim-
plified, an efliciency 1s improved and an occupancy rate of
the working area 1s reduced, and a use ratio of land resources
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1s ellectively increased. The battery replacement robot may
adjust the posture according to the position of the battery on
the electrical bus, to automatically 1dentify the position of
the battery and replace the battery of the electrical bus fast,
accurately and safely. The process of the battery replacement
has a high positioning precision and a small relative dis-
placement, and determines a position accurately, which can
achieve a fast battery box replacement on various types of
the electrical buses.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a structural schematic view of a battery replace-
ment system according to the disclosure;

FIG. 2 1s a schematic view of a battery replacement robot
with a movable storage rack according to the disclosure;

FIG. 3 1s a schematic rear view showing a structure of a
carrier of the battery replacement robot according to the
disclosure;

FIG. 4 shows a carrier umit according to the disclosure;

FIG. 5 1s a schematic of a battery box storage rack;

FIG. 6 1s a schematic view of a control system of a battery
replacement robot according to the disclosure;

FIG. 7 1s a schematic view of a console according to the

disclosure:
FIG. 8 1s a flow diagram of a battery replacement process.

In FIGS. 1-8,

1 battery replacement robot

with movable storage rack,
2 rechargeable battery rack unit,
3 electrical bus to be

performed battery replacement,

101 horizontal mobile unit,

102 bearing unit, 103 carrier unit,
4 ground rail, 5 limit collision block,
6 support, 7 wheel,
8 lower beam, 9 console,
10 objective table, 11 unlocking mechanism,
12 battery box storage rack. 14 reducer,
15 top rail, 16 upper beam,
17 stand column, 18 transverse guide wheel,
19 battery pushing mechanism, 20 supporting beam,
21 horizontal rotary table, 22 guide rail,
23 battery box driving mechanism,
24  battery box pushing mechanism
driving servo motor,
25 electromagnetic pusher, 26 electromagnetic chuck,
2’7 ultrasonic sensor, 28 longitudinal guide wheel,
501 master computer system, 502 PLC logic controller,
503 limut switch, 504 servo motor,
505 servo driver, 506 motor encoder,
507 emergency stop switch, 508 ultrasonic sensor,
509 color mark sensor, 510 photoelectric sensor,
511 DMP position sensor, 512 wireless communication
module I
513 wireless communication

module II.

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiments of the application will be further described
in conjunction with drawings as followings.

FIG. 1 shows a rechargeable battery rack unit 2 on which
a rechargeable battery box 1s placed, and a battery replace-
ment robot 1 with a movable storage rack, where the battery
replacement robot 1 cooperates with the rechargeable bat-
tery rack unit 2. The battery replacement robot 1 with the
movable storage rack moves along a length direction of the
rechargeable battery rack unit 2. The battery replacement
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robot 1 with the movable storage rack takes all of the battery
boxes required on one side of an electrical bus from the
rechargeable battery rack unit 2 at once, moves a standby
position of a battery replacement for the electrical bus 1n an
X axis direction, and remove a discharged battery to be
replaced from the electrical bus by cooperating among
multiple sensors. The battery replacement robot 1 with the
movable storage rack rotates the discharged battery by +90°
or —90° to place it on a battery storage rack 12. Then, the
battery replacement robot 1 with the movable storage rack
raises or falls according to a distance between coordinates
stored by the PLC logic controller 502, to take a charged
battery box from the battery box storage rack 12; rotates the
charged battery box by +90° or —90° to return, and adjusted
the charged battery box to the position to be replaced, by
multiple sensors. In this way, the battery box of the electrical
bus 1s replaced.

FIG. 2 1llustrates a structural schematic view of a battery
replacement robot with a mobile storage rack. As shown in
FIG. 2, a mechanical part includes a horizontal mobile unit
101, a carrier unit 103 and a bearing unit 102. The horizontal
mobile unit 101 includes a wheel 7 with flanges provided at
two sides thereof, and a ground rail 4 connected with a lower
beam 8. A limit collision block 5 1s arranged at an end of the
ground rail 4. The wheel 7 1s connected to a reducer 14. The
reducer 14 1s arranged on the lower beam 8 and 1s connected
to a servo motor moved 1n a horizontal direction.

The bearing unit 102 1s arranged at an upper portion of the
horizontal mobile unit 101. The carrier unit 103 1s connected
with the bearing unit 102. The carrier unit 103 includes an
objective table 10, and a battery box replacement device
arranged on the objective table 10. The battery box replace-
ment icludes a battery box driving mechanism 23. A battery
box pushing mechanism 19 1s arranged on the battery box
driving mechanism 23.

The electric control part includes a data collection device,
a power driving mechanism, and a wireless communication
module I 512, which are all connected to a master computer
system 301. The power driving mechamism 1s connected to
the horizontal mobile unit 101, the bearing unit 102, the
carrier unit 103 and a driving device of the battery box
replacement device 1n the mechanical part.

The bearing unit 102 includes a gantry structure mainly
including an upper beam 16 and two stand columns 17. Two
sets of transverse wheels 18 are arranged on the upper beam
16. A top rail 15 1s sandwiched between the two sets of
transverse wheels 18 and is installed on the rechargeable
battery rack. A sliding-contact line slot 1s installed on the top
rail 15 and adapted to supply power to a device. A horizontal
addressing chip 1s 1nstalled on the top rail 15 and adapted to
address an operating position in the horizontal direction. A
winch 1s arranged on one of the two stand columns 17 and
driven by a servo motor. A wire rope 1s wound around the
winch. A lower end of the wire rope 1s connected to a top end
of a support 6 of the carrier unit 103. A longitudinal
addressing chip 1s provided at one of the stand columns and
adapted to perform an i1dentification in a longitudinal direc-
tion to perform an addressing vertically.

In FIGS. 3 and 4, the battery box driving mechanism 23
includes a horizontal rotary table 21 arranged on the objec-
tive table 10. A battery box pushing mechanism 19 1s
arranged beneath one side of the objective table 10. A
support beam 20 1s arranged on the battery box pushing
mechanism 19. The support beam 20 1s connected to a
battery box tray. In FIG. 4, a support 6 1s provided at each
end of the objective table 10. Multiple sets of longitudinal
guide wheels 28 are arranged at the support 6.
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The battery box pushing mechanism 19 includes a guide
rail 22, a servo motor for battery box pushing mechanism 24
and an electromagnetic pusher 25. The servo motor for
battery box pushing mechanism 24 and the electromagnetic
pusher 25 are connected to pinion-and-rack mechanism,
respectively. Two round electromagnetic chucks are
installed on a pusher working surface of the electromagnetic
pusher 25 and distributed on two ends of the working
surface. The two round electromagnetic chucks 26 are
located to corresponding positions of two round 1ron blocks
of the box inner box. An unlocking mechanism 11 1is
provided on the pusher working surface of the electromag-
netic pusher 25, and adapted to cooperate with a locking
device of the battery mnner box. The guide rail 22 1s arranged

on an upper surface of the battery box pushing mechanism
19.

The unlocking mechanism 11 has a shifting fork structure
driven by an unlocking motor. Two ends of the working
surface of the electromagnetic pusher are provided with the
unlocking mechamisms which cooperate with each other to
unlock the locking device inside the battery inner box on the
rechargeable battery rack or the vehicle in which battery 1s
to be replaced.

Two ultrasonic sensors 27 are provided at two end of the
support beam 20, respectively.

In FIG. 6, the electric system includes a master computer
system 501, a PLC logic controller 502, a limit switch 503,
five servo drivers 505 for respective motors, a motor encoder
506, an emergency stop switch 507, an ultrasonic sensor
508, a color mark sensor 509, a photoelectric sensor 510,
and a DMP position sensor 511.

The master computer system 301 i1ncludes an industrial
personal computer and a software system. An X86 series
industrial personal computer can be used as a host, and
Windows XP i1s used as a control software system. The
control software system programs in Visual C++. Multi-
threaded transaction processing can be performed by the
software. An operator can operate the master computer
through a touch screen.

A Siemens PLC 300 logic controller may be a core
component of an entire control system, which communicates
with the master computer system 501 via a wireless network
and 1s adapted to control the respective driving motors, by
performing a comprehensive judgement based on signals
from the ultrasonic sensor 508, the color mark sensor 509,
the photoelectric sensor 510, the DMP position sensor 511.

The data collection device includes the ultrasonic sensor
508, the photoelectric sensor 510, the color mark sensor 509
and the DMP position sensor 511.

The ultrasonic sensor 508, the color mark sensor 509 and
the DMP position sensor 511 are installed on the electro-
magnetic pusher 235. The photoelectric sensor 510 1s
installed on the upper beam 16 and the stand column 17, and
adapted to position the robot 1n the X axis direction and the
Y axis direction.

The limit switch 503 serves as a mechanical reference
point for each motion shaft. Each servo driver 505 may
monitor a runmng current of the respective servo motor 504;
and send an alarm to the controller 1n a case of a locked rotor
or an overload of a motor. When the system fault occurs, a
movement control system can autonomously determine the
state of fault and report the content of the fault to a
monitoring system of the host. The emergency stop switch
507 1s adapted to urgently stop the equipment when an
emergency 1s happened in the operation process. The opera-
tion of emergency stop switch 507 has a highest priority.

10

15

20

25

30

35

40

45

50

55

60

65

10

The battery box driving mechanism 23 of the battery
replacement robot with the mobile storage rack includes the
supporting beam 20, the horizontal rotary table 21 and the
battery box pushing mechanism 19. The battery box pushing
mechanism 19 1s driven by a battery box pushing mecha-
nism driving motor.

The limit switches 503 are connected to the PLC logic
controller 502. The limmit switches 303 are disposed at
working zero positions ol the horizontal mobile unit, the
carrier unit 103 and the bearing unit 102. The limit switches
503 are contacted with and connected to the respective servo
motors 504.

The console 9 includes a cabinet. The 1industrial personal
computer 1s installed at a bottom of the cabinet. A resistance-
type touch screen 1s arranged on an upper portion of a front
face of the cabinet. A wireless communication module 11 513
1s 1nstalled on a back surface of the cabinet. An indicator of
an operating state and an emergency stop button are dis-
posed below the touch screen on the cabinet. The resistance-
type touch screen and the wireless communication module 11
513 are connected to the industrial personal computer. The
indicator of the operating state and the emergency stop
button are connected to the industrial personal computer via
a level conversion circuit board.

A cabinet door 1s arranged at the back face of the cabinet,
and a raimn-proof lock 1s disposed on the cabinet door.

The industrial personal computer 1s connected to the
resistance-type touch screen through a VGA port.

The wireless communication module II 513 communi-
cates with the industrial personal computer through a net-
work port.

The wireless communication module II 513 and the
wireless commumcation module 1 512 performs the com-
munication through a wireless network adopted WikF1 in
IFEE 802.11 standard, CDMA module or EDGE module.

A wireless remote control device may further be provided
on the master computer system 501. The wireless remote
control device includes a housing. A master switch, two
two-dimensional rockers, a start button, a stop button and a
servo controller power button are disposed on the housing.
A main control board and the wireless communication
module II 513 are disposed inside the housing. The master
switch, the two two-dimensional rockers, the start button,
the stop button, the servo controller power button and the
wireless communication module II 513 are connected to the
main control board. The main control board converts direc-
tion information of the two-dimensional rocker into an
clectrical signal. Instructions are transmitted and received by
the wireless communication module II 513, to control the
movement of the robot. A state indicator 1s disposed on the
housing, and connected to the main control board. An
emergency stop button 1s disposed on the housing and
connected to the main control board. An emergency button
1s provided on the housing.

The host includes the wireless communication module 1
512, which performs a wireless communication with the
wireless communication module II 513 of the remote control
device.

A battery replacement method of a battery replacement
robot with a mobile storage rack includes following steps.

1) mitialization, includes: after a system 1s powered on,
1ssuing a reset mstruction by a master computer system 501,
a console or a wireless remote control device; and triggering
limit switches 503 on shafts of the battery replacement robot
with the mobile storage rack, to perform a homing and return
components of the battery replacement robot to original
positions;
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taking a battery box from a rechargeable battery rack unit,
includes: moving the battery replacement robot along an X
axis direction and a Y axis direction to a position of received
coordinates of a full-charged battery box under the control
of a PLC logic controller 502, according to the received
coordinates; rotating a horizontal rotary table 21 by +180° or
—180°; adjusting a posture of a battery box tray according to
signals from a DMP position sensor 511 and an ultrasonic
sensor 508; taking the full-charged battery from the
rechargeable battery rack unit 2 by an electromagnetic chuck
26 of an electromagnetic pusher 25 in a carrier unit 103;
rotating the horizontal rotary carrier 21 by +90° or —90°;
controlling the battery replacement robot by the PLC logic
controller 502 according to a stored coordinate point and the
photoelectrical sensor 510 adjusting the posture of the
battery box tray according to the signals from the DMP
position sensor 511 and the ultrasonic sensor 508, to accu-
rately place the battery box on a battery box storage rack 12;
repeating the above steps to take all of the battery boxes
required by one side of a vehicle; moving the battery
replacement robot along the X axis direction after the battery
storage rack 1s filled with the required battery boxes; and
simultaneously rotating a horizontal rotary device along the
Y axis direction to switch the battery replacement robot to
an 1nitial state of a battery replacement.

2) unloading a discharged battery of the vehicle, in which
the battery i1s to be replaced, includes: after the vehicle 1s
stopped 1n a certain standby position of a battery replace-
ment, moving the battery replacement robot 1 with the
mobile storage rack horizontally to a certain operation point
by the master computer system 501, the robot console or the
wireless remote control device according to information of
the stored coordinate point; adjusting the posture of the
battery box tray according to the signals from the DMP
position sensor 511 and the ultrasonic sensor 508, to accu-
rately extend the battery box tray to a position flushing with
a battery compartment of a vehicle body; transmitting a
signal of a rotating angle of the horizontal rotary carrier 21
to the PLC logic controller 502 to store the signal; deter-
miming whether the discharged battery box 1s unlocked,
according to a feedback signal from a color mark sensor 509;
removing the battery from the battery compartment of the
vehicle body by the electromagnetic chuck 26 of the elec-
tromagnetic pusher 25 1n the carrier unit 103, in the case that
the discharged battery box 1s unlocked; rotating the hori-
zontal rotary table by +90° or —90°; transmitting the signal
ol a position of the horizontal rotary table to the PLC logic
controller 502 to stored the signal; controlling the battery
replacement robot to move by the PLC logic controller 502
according to the stored coordinate point and the photoelec-
trical sensor 510; adjusting the posture of the battery tray
according to the signals from the DMP position sensor 511
and the ultrasonic sensor 1 508, to accurately place the
battery box 1n the battery box storage rack 12;

3) installing battery, includes: controlling the movement
ol the battery replacement robot by the PLC logic controller
502 to rotate the battery replacement robot to a position
corresponding to the battery compartment of the vehicle
body; adjusting the posture of the battery box tray according
to the stored position of the horizontal rotary carrier 12;
installing the battery box in the battery compartment; deter-
mimng whether the battery box i1s locked according to a
detected signal from the color mark sensor 509; powering
down the electromagnetic chuck 26 under the control of the
PLC logic controller 502; detaching the electromagnetic
chuck 26 from the battery box; and retracting the electro-
magnetic pusher along the objective table 10 and fixing the
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clectromagnetic pusher, to replace one battery box; repeat-
ing the above steps until all of the spent battery boxes are
replaced; and then returning the battery replacement robot
with the mobile storage rack to standby at an 1nitial position.

Although the embodiments of the disclosure have been
described 1n conjunction with drawings above, but it does
not intend to limit the scope of the disclosure, and the person
skilled 1n the art should understand that various modifica-
tions and variations which can be made by the person skilled
in the art without any creative work fall into the scope of the
disclosure.

The mvention claimed 1s:

1. A battery replacement robot with a mobile storage rack,
comprising a mechanical part and an electric control part,
wherein:

the mechanical part comprises a horizontal mobile unit
which 1s movable 1n X, Y and Z coordinate axis
directions in a rectangular coordinate system, a bearing
unit and a carrier unit; a middle portion of the carrier
unit 1s hollow, and a battery box replacement device 1s
installed in a middle of the hollow portion of the carrier
unit; and a console 1s arranged on the horizontal mobile
unit;

a battery box storage rack 1s provided on at least one side
of the horizontal mobile unit, the electric control part
controls the battery box replacement device to take all

full-charged battery boxes at once; place the battery

boxes on the battery box storage rack; move the battery

boxes to a standby position of a battery replacement;
remove a discharged battery box from a vehicle, place
the discharged battery box on the battery box storage
rack; take one full-charged battery box from the battery
box storage rack; install the full-charged battery box in
a corresponding position; and repeat the above steps to
replace all battery boxes;

wherein the battery box replacement device comprises a
horizontal rotary table, the horizontal rotary table 1s a
round plate; and

the horizontal rotary table 1s rotatable among a first
working position, a second working position and a third
working position;

wherein 1n the first working position, the electric control
part controls the battery replacement robot to take the
battery box from or to put the battery box to a recharge-
able battery rack unit; 1n the second working position,
the electric control part controls the battery replace-
ment robot to take the battery box from or to put the
battery box to the battery box storage rack; in the third
working position, the electric control part controls the
battery replacement robot to take the battery box from
or to put the battery box to the vehicle.

2. The battery replacement robot with the mobile storage
rack according to claim 1, wherein at least one set of wheels
1s provided on each of two sides of the horizontal mobile
unit, and the wheels are installed at two sides of a lower
beam to cooperate with ground rails, respectively; the
ground rails are uniformly distributed 1n a plurality of rows,
and a limit block 1s disposed at an end of the ground rail; the
wheels are connected to a motor reducer, and the motor
reducer 1s arranged on the lower beam and connected to a
servo motor moving 1n a horizontal direction; and the servo
motor moving 1n a horizontal direction 1s connected to the
clectric control part.

3. The battery replacement robot with the mobile storage
rack according to claim 1, wherein the carrier unit comprises
an objective table, a middle portion of the objective table 1s
hollow, and the battery box replacement device 1s installed




US 9,650,022 B2

13

at the hollow middle portion of the objective table; and a
support 1s provided at each of two sides of the objective
table, a plurality of sets of longitudinal guide wheels are
arranged 1nside the support, and a plurality of limit wheels
are arranged outside the support and adapted to cooperate
with the bearing unit.

4. The battery replacement robot with the mobile storage
rack according to claim 1, wherein the round plate 1s

connected to a servo driving motor for horizontal rotary via
a gear reduction mechanism; a working surface 1s provided
on the round plate, a battery box pushing mechanism 1s
arranged on the working surface, a supporting beam 1is
arranged on the battery box pushing mechanism, and the
supporting beam 1s connected with a battery box tray; the
battery box pushing mechamism comprises at least two guide
rails provided 1n parallel, a battery box pushing mechanism
driving motor, a battery box driving mechanism and an
clectromagnetic pusher, and the battery box driving mecha-
nism 1s a pimon-and-rack mechanism; the battery box push-
ing mechamsm driving motor and the electromagnetic
pusher are connected to the respective pinion-and-rack
mechanism, two round electromagnetic chucks are installed
on a pusher working surface of the electromagnetic pusher
and distributed at two ends of the working surface, and the
two round electromagnetic chucks are located to corre-
sponding positions of two round 1ron blocks of the battery
box; an unlocking mechanism 1s provided on the pusher
working surface of the electromagnetic pusher and adapted
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to cooperate with a locking device of a battery inner box; the
guide rails are arranged on a top surface of the battery box
pushing mechanism; the guide rails match with the battery
box, and the battery box 1s a case, 1n which batteries are
arranged 1n groups; at least one ultrasonic distance measur-
ing sensor 1s provided at each of two ends of the supporting
beam; and the servo driving motor for horizontal rotary, the
battery box pushing mechanism driving motor, the electro-
magnetic chucks and the sensors are all connected to an
clectric part.

5. The battery replacement robot with the mobile storage
rack according to claim 1, wherein the electric control part
comprises a master computer system, a PL.C logic controller,
a limit switch, an emergency stop switch, a servo motor, a
servo driver, a motor encoder, an ultrasonic sensor, a color
mark sensor, a photoelectric sensor, a DMP position sensor,
a wireless communication module I, and a wireless com-
munication module II; the master computer system com-
prises an industrial personal computer and a touch screen;
and the industrial personal computer 1s connected to the
wireless communication module I through a serial port;

the PLC logic controller 1s electrically connected to the

servo driver, the emergency stop switch, the ultrasonic
sensor, the color mark sensor, the photoelectric sensor
and the DMP position sensor; and communicates with
the master computer system through the serial port, to
perform a logic control on a movement of the robot.
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